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Abstract

In the era when companies are facing many challenges to survive in
competitive markets, it is important to identify the factors affecting financial
crises. One of the ways to help investors and companies is to provide models
to predict financial distress. The purpose of this research is to investigate the
ability of rough set theory and compare it with artificial and fuzzy neural
networks to predict the financial distress of companies active in the Tehran
Stock Exchange. For this purpose, 329 distressed companies from non-
distressed corporations were selected during the period of 2006 to 2020. The

neural networks investigated in this research are: Multi-layer Perceptron

(MLP) neural network, Radial Basis Function (RBF) network, and Adaptive
Fuzzy Inference Network (ANFIS) as well as the software used to create the
ROSETTA rough set and the software the tool used to design artificial and
fuzzy neural networks is MATLAB software. The results obtained in this
research show the high efficiency of the rough sets model with 98/7 percent
accuracy for predicting financial distress.

Key Words: Financial Distress, Rough Set Theory, Artificial neural network,
Predicting
JEL Classification: C02, B26, C45, G17, G33.

1. doi: 10.22034/JSE.2023.12135.2083

2. M.Sc. Department of Financial Management, Urmia University, Urmia, Iran. (ahejaziyan@yahoo.com).

3. Associate Professor, Department of Accounting, Urmia University, Urmia, Iran. (Correspondig
Author). (g.mansourfar@urmia.ac.ir).

4, Assistant Professor, Department of Accounting, Urmia University, Urmia, Iran.
(f.ghayour@urmia.ac.ir).

Copyright © 2024 The Authors. Published by Securities and Exchange Organization.

@ (® & | Thisworkis licensed under a Creative Commons Attribution-NonCommercial 4.0 Intemational

license (https://creativecommons.org/licenses/by-nc/4.0/). Non-commercial uses of the work are
permitted, provided the original work is properly cited.


https://doi.org/10.22034/jse.2023.12135.2083
https://creativecommons.org/licenses/by-nc/4.0/

N el il
Y RS TTTR

) Oolalllan 5 da 5 4020 023 oS 4 Bl BL1 5 5 g2 Sl

oV pao NEeY al.‘i...:vl‘:' Aol 5r.h—\ih s ‘J\.:l‘g 39\ 92 aalilad

20 Sy sddcgomme (§1985 Sl g (Jbo (FTHiloyd S s
“_scg.a..a.o e ST b 4 lio

©ygel O13,8 7 58 yguaie L pode I 1 jlre sazme ol

VESYN LY el b g3 allie

VEYIY Ay b

oUw>

4
bl iz ga0y Sl B b Al b (26, Gl 5o b gl eS8 &S 6 e o
LS5 5 O e 4 S glaely 31 Kbl o Comtl Jlo (glall] o S8 56 Jul e
48 gazen (655 U5 oy p s cnl s .l b Shilays ot 6l oSl el
Jbé glaeS s Jb Fhlys co b ¢l @36 5 o smms omae 0as b 0T awlis 5 ol
Sbesl s Jekibeys o VJLﬂ CS i S YA ghe s .l Ol g Hlalg Blysl wos o
S IS le Jia s ol 53 0dd ) amas A L Calods OBl 1FA4-1FAD cladl
36 plmal s 5 RBE) olad b 5 Ses b 5 MLP) @V Og iy (e
Ol agame )55 skl Gl eslil 5)se SiBleS ezes 5 (ANFIS) 4Lk
BN dju,gwwdu&.:@w,,mgum\;,}UU;\D;,ROSETTA
Ooly Saas gazee Jka YU SIS 51 0L 2ass cpl 53 odkel o 4 bl MATLAB
Syl Jl Fhleys o b Hskie 4 d s AVESS L

&M@&F&:’ o g 00y 48 game (655 (e ;-Ub-): 1Sl (solg
B26,C45,G17, G33,C02 : £go90 (Saudal

10.22034/JSE.2023.12135.2083 :doi .\
[(ahejaziyan@yah00.com) .ol ! cae sl can 551 o8l ¢ Jlo ko 03,5 oyl wliyIS7.Y
.(g-mansourfar@urmia.ac.ir) .(J s st $) .01 5 cam sl caon g5l o3 o6yl bilucm 63,5 (jLsils ¥

(f.ghayour@urmia.ac.ir) .ol . caw sl caw g5l o&ls (sl bl 03,5 Lokl ¥

ol Pl 3ol g poggr hesber elia ) 535 © VoY sl o S shnn  Se itinn (5) Jl 3> ;@ oIc)

Alis 4 gono Sl p byptie o 5 )b mé odlitul g5 b g odbpitie ) IS Cod e oyl
sl flro o5 ol )3 ke bl ule) b

Creative Commons Attribution-NonCommercial 4.0 International license

(https://creativecommons.org/licenses/by-nc/4.0/)


https://doi.org/10.22034/jse.2023.12135.2083
mailto:g.mansourfar@urmia.ac.ir

w2 B, s g0r0 (6,95 (Slao 2 Jlo (Slod sl 1SR g g |

doddo

J\Ja.w@qwﬂj&EJQM@kyﬁé;bdéhe@cr’ll}faﬁ):
l{gai:)vAWJS}M)A;{T}LS\ﬁb:;545\}:34561&&5)&)"4:“30'\—‘&\5).}41»
Il Jlo Ol s s o ol oy 455 8 5 ol 4 ST a5, oS
ijﬁj‘&é:haﬁ\éua@colﬁd‘)a.J;J&ZT\JL;&MLQJLJL;WTY"/\
S 5 s o Sl iy e 5y ol 5 elidks 5 s, Jbe OWSe b 6 Koo
(YA Q0558 5) Sl o ks Jlo aion 55 odkes hngy aion &S5

4 Sl 31 8 1) S s o Cand s g b s o ls s I3 4 b Ol
S leys Pl 55 ¢ KanSloys 5l B o o AT i by (S5 Mo e
> Dl 4 15 OS5 S sk e b J (Fleys o e ekl Jl
S 350 JSa slas Slags ol @ Jos sl b AST Jar o s OB S el JUS )
2l o BT Sloj KeaSldyg. 5 SanSli s a ot Ll 5 o aalsl o) gos 45 Lol o)
CS o Dol 4 e ol 53 5 WAL 55 laady ol 4 o6 OS5 S
5 (S s m Sls e Ol w1y Jo Sbleys (Y0P FOLSKes 5 )5 45 oo
Cuﬂpﬁ‘ui;“&_:)},gujmﬁ‘@,@jwy.m@@“,*:(,Jug,nu:}
S5 S 8 G el sl T G565 s Comd s Ll iy on LS 1y Jo o 5
b1y @i ol Sl as s ald 4S5 Ol s 0 camy ssb 4 556 Bl 4 oS
5 o oot Sl s o8 31 o g oomm 0ileys S5 S & e 33,8 dal
Ho Sy iz pp el 53 S5l (Il Comd g 40358 3530 (53 50t 5l g Sl (S
) 355 ol o )lgs OS5 0SS 3ls el a8 5 0kl 5158 (63 5 355 deluusl
OS5 oSG oS ol ) Sl Sty S o gl 51 (S (YA SO s 5 G
QJ}&4.3l).3_,5-ctﬁ}a.a;a:u:..ALgﬂfqbfﬂLghw}ﬂJAT)K)}EA{.UBJ@
o llanl Glato 5 M Gl s (Slacs B o 5 5 e eSS (6 Flis
St 1 Sl oY ol gl (YWY O 5 55780558 B 5L S s
555 o3litul Cwlie byl 5l 5 adde 31 Jle S ke ys

1. Veganzones
2. Khaligh & et al
3. Umar Farooq & et al



VFa¥ L’,MU P dd b)lm:} dY 0,93 c)‘bl.u d')?‘ ¥ aollad

Sl ol dde SBl omen 5 (ot Sl ol e e DBl 05
bl e 5 ob w35 Jlo Saileys slaylms ol (655, 235 o VL L b
,,1);bCs;igL;LMJ?};\;l%leﬂ&t,gwwjuuu:;\ﬂj.ud%m};
63555 b ol 0T 5 aw Shass opl 5o S (o LS 5 Jb S wleys ot
Ssb sy Jbo (Sdileys gt alins 4 L
@adaze Slaoslinul plgw Caad 5 Jo Gla e la 2 iy 03 O as sezee 6555 )
Qo Y) O 5 s b Ko Slalllas 4 e 5 sb 4 015 oo 4ia ol 53 Sl 0l
Ll (Y1) Tl 5 oo 535 &3 o1+ Y) TSl dY YN T 5 o tl
L,.;bowi,uonﬁLu,\jwqxsuétkidﬁw)o\}:@@; plbss
ol b slaaie) ple 55 Oy slaae gorme w55 555 51 bzl 55250 ol !
ol )s S8 b gl (S hloys sl w5 b b S8bys o i 1 055
WS by s Gl gla g b akes IS ab ) Cows G slaias b4y o fels oS
Sty Cand s Bl S 4 e &5 )15k Camd go 0315 s 510U 5 (50572 5 2l
Rz a3a 3,5 o)l dyde I e Sl 5 Jlo ol VL 4 a L5 e baa
Slacas b 0 oo L OIS b 558 e s 45T Sl Gl 4 e (0T
,uuou;,\{j\éﬁfkstﬁéy4{Qu\.@tr@\‘},@\;\ma&wuﬁuﬂ
2L Olaxl g ol SI6 adsl ol 53 0523 sy Sy pue Sy 28 5 Jb
5 ot ol ple 53 Ol 6558 GV S8 4 a5 b8 I8 eslinal 350 .l
Jis & walllae ol a8 B D) g0 Slain Sl 0> (e smas SeSE VL b
2208 5 o)l 88 ol (g 5o LSy 5 S bl 2 o (Sl
G ekileys 8 5l Jloile s (S L8 adeis ¢yl Ol ) a0 gazen (6555 1 5
leld @l sy o e §1 S Ol & (VAR 0LISGs 5 oo ST Slae
ol ol ealizal (VWA K 5 J,8T Je) obileys b 51 Jle obilays oS o

1. Wu, Jimmy Ming-Tai, et al
2.Yildinm & et al.

3. patil

4. Dong-Rui Chen & et al.

5. Asquith & et al



w2 B, s g0r0 (6,95 (Slao 2 Jlo (Slod sl 1SR g g |

LJJB—cbcéh;&bjzwﬂ).ﬁdbAFML;)}S&‘)K@)JUJ}M LY w
15 S 5 (MLP) 05 s Vit e 50251 ke 85 06 5 (o ot e GlalS
sl ol auslas (ANFIS) ™ 10 5ol (o 56 lewj(RBF)uig s

Bdpo P drwgd 9 5 (Sl

L gobasl oKy oS Cunline cpl 4 Jbo Shiloys (Y2¥0) oK 5 0l s
SO s godd 509, s 6Jfr-¢ CeSa b ol (5lal (sLab I sk
(S o 16 5 By Sl (S 2 U 35 S>3 0L 2 035
el 5 S Jlo Sl Ll s el a Jlo (Saileys (oke 4 358l aalsl o
3 i S Il b (SaS

LT 51k (3 jma VIAY Ul 532 S5k ol gl Sin sy Lo 5 31 40 gamn (5555
3 5alS sl O Rnssy 5yl (4B S5 Sl O3 4 4n pl 53 4ol (sl iag,
a3 g3 53,28 Sy 6095l i 55 S5 o 1y Ml e 53 DL
4 gazmn Sy 85 ol il @S s 194Y ijzjv\icjlzn@l@?cb»yd)}sa\/h
254805 § 5550 0154 ACM (g 50 511880 Jlusy3 s 1S 5 Dligd 53 el &) oty 31,
4 by e OVl (glas sazes Qb)&b\rkoqlgu\ﬁ‘\/\ Ju);,mgﬂ;ﬁ\f&)g
368 el Sl 4 Ol 5 1) Ol slaee gazme 38735 Ol 1) ol (slase yazn
JolEs (AN 03 5" 03,25 odas 55 40 (618 voans b (Sla o 35 o (58 i
;\‘w@\y\;;)tféb);.;}.z@&uboh\;m,}in@:f%g.u{%;upw
Ol dlaesls A& 5 35 8 03,20 b 03 8 (ol 1y (605 0 1 S8 S 3545 Sl 0T o lows
ESLS ol (il ] il 5 (ST 4 35 (68 ol (sl ot S a3, Lol sz Lot
pske (S ol psle o 53 ol el LSl 5 5 5slS psle (5555 (pl bl i o ST o
(WP Solo 5 sas S) Sl ok aslianal OT I silides (sla 595 4 sl ole 5 oz

1. Multi-layer perceptron

2. Radial basis function

3. Adaptive-network-based fuzzy inference system
4.Sun & etal.

5. Pawlak



VFa¥ L’,MU P dd b)m dY 0,93 c)‘bl.u d')?‘ ¥ aollad

Loy 35 50 45 gomen 5l 2 85 Lol (S (23 () 5t Oy laas samen (5555 palie
(il 5L e s 3 g0 sla g lyls dhael 1edle Ol gie 4 .ol Las o Sledbl 5 5L
LS glasl .Col (galasl gla S35 5 Cund iy Jols o olols 4 bg e Sledl
el (a0a) a5 BB e (T sz Sl e 51 (s o adeine alie Sl
DA Dl 0 L) Slads gazme (6555 53 (AL, lus Ui pl T le pute 4l
Slas gazs s 31 LIl 5 S Jom ol as sazen (6555 Hloslital L Ol g5 o STy Llus
S (Gl o S iy o (Sl JiS dbaaiie sl bl Lael
088V (SY5L) (6,8 vedd 15 Mg 5 B S Coeal o 5 45 claaiie
Ll o ) Jaulsy o Je Ol 4 51 DI F 6K (S s ol O s
Ll £150 31 (S sl o5 Sl ) 53 oly (655 (Sead g S 0 gy 2 cha3 0 OLES
Jom b5 a5 am LSS el 3 957 ke Loyl 503 b Ol 55 0 1) (50315 5 SEBR Ny
3l S |y byla gad (S50 5 ol (o b Fls 3l 6k

Jole co e &5 s e 1 KauSla g5 it 6l silibes 65T (slaeSLiSS
w0 oL 5 YT Jle s Sl o eslitul pwae a5 S Je Y
Soslizal b g ol 5o dmstls Ol (6585 5 eslizal b (SenSloys o e owsp
Ol slaes gazme Sl oslinl b SeuSliss i Gl ol oy 25 sl
oS8 eSS o olls ool slp e 3 Sy &S0 bt Jra) S (ot lie]
e sl at i T Jb ol gy o sn b Sleslinal L Bags opl 5o das e &1
o2l g ol o Ol Sl ek 43 8l s Sl Jlo ay S 015
Saah opl el ods w3 8 L ys 0S8 6K Jb Ol 3l eatls Ol 4 Llg
Jlasl 5 &S 8 oS Jb ad Stlsy,y 0lg Sbisl po 1y @olgiiy Je )]
IREGPPRCHE{FE S PR STICK S-RC GR CI S-S

o e 5 LS 5 ke Jle b ioe Ol ol po 53 Waesls ailu g 51531 L
"S5 slaesls Joow 5 4 S LS eeenls ladlele 4 1) s (S e

5 ek S ke WS ol ekl B35 3 5 et pd S50 450 L (BDA)

1. Choe & Garas
2. Big data analysis



w2 B, s g0r0 (6,95 (Slao 2 Jlo (Slod sl 1SR g g |

Slosls (ol as sazs (6555 Sl oslinal b 3 ST aw YY) Jlo s i 53 O, 8es
i3 DPModel-1 Jus 55 51 eslimal b Jhng cpl 03 S o 5 a5 1) o5 )5
PR e slaesls (Lol 35, DPModel-2 5 (" il 6,850 5 e 05 5
4 525 5> DPMOdel-2 fiy & o 51 0L ool s o8 a8 5513 o 540525 2550
2l Wesls oo

bl plem DI5L 53 Ol 6055 2T (n 4 TWT i YN JLe s
58 ) 63 305 tplor S oy (San bl (s il Oy 1531 p 5 51 o5l
.\}‘}ﬂ@})rﬂélﬁb)})))(t@#)té)L_;:M‘TAA‘\J'&\};L;‘ OTJ.:HJLAJ;'

55 3L d> b 5 F(ANN) T Y R bl 2l @l Sl eslanal
e 13I8 51 (ks a4 e g & JolSS ol el 11 sl 4t
5SS Ol jae Sl o aie es Olo s ge 55 03,40 5l 4 aS ol Calies
22 0T (Salos 5 Sobl Lol gy p Ollas 5 Sl Olgr eSS o ooy
S poke 5 Ol a0 gozms 4 ki > by ol wils (g)lndil Ui, ) sladle
ooty ol DL s 53 6l p 1y o (s s 3 Shos b )L aalllas iny) Slas!
Sl SLbly sla as s 31 S1T (6,95 oty (655 s oo €11 0T (g5led e 5 ocoes
L& ) a8 CaladT Ol VLl 5 blE (g ym oK ol 5l bt 5l e b a0 oS
o585 A5sl3 3,8 Jles S oams G 55 a8 5 pd e skl SIS
Sos Sule 4l esls (bl s iils CatST (gl calie slayl 3l 51 ol (slaas same
S S Olej s ym 4 5 Sl Laosls 3 s gla SN S 6l 5y slaslp) (S
W.:;L.\:Jq...jkgjlfa:\ukgxf(..:@cg‘.:ibkgﬁf:li‘(afc)l?ubu:.uu‘so};u
Sl a1 0T (Bl 5 plSomal (5 )30 2 Lile (2 snme (mae e sla S 55
Sarles 8 o5 (a3 3ael b o Julond 06 58 a5 Sty csulvails (sl el
055 4 Bhate 5 5 5elS p e 5 SLT o (SN copble (S0l (YNF 5 5 STET)

3ot o 53 0ty 12 0 Slwloms 5 &85 (Slaosls 4 gy o s W5 4 (0 gnan B s

1. Logistic Regression

2. Machine Learning

3. Joseph Attia

4. Artificial Neural Networks
5. Tkac & Verner



VFa¥ L’,MU P dd b)lm:} dY 0,93 c)‘bl.u d')?‘ ¥ aollad

om Ml e 4 36 o 58 Sl b L e gl ol ol
wdatags mio (Yo¥e O Sy bl s gl o) dzs Jos 2 DL, 5 s e
st el o 208 b S s Jlo  Shlys Gt 61y omlin dbo oS5 8L I
Dot SLESSS 5 Dlsly slaslitle ot sl 5o 5 gkhie e 4 (il ol jan S
Ja 5 (VY T 0L8n 515 2) (ANN) o gize nme <S5 o 655 0305 5 8 sis
5 O OS5 (651 ,0) CO¥AF OLSea 5 ) saie) "SVM) Olziy ls » uble
5 6ob) © ¥ St O 85 OFAF O 5 0313 53 Tl p-*w;i“ J-te
oo Co i bl asls 0Lt 4 Cnlad 515 eslizal 355m e s(WWRAG ol !
s i 5 (ANN) o pnae i aler I L L;u(.;wiﬂ (558 esls
5 Slew) A oy s so e 6l gL oUls 5 (ANFIS) L4 Gl (o 56
¥4 O, a

Slos S o3lizul (ANN) o size pmae 4K L35 5g, 51 (Y Y1) 701K 5 alle
Ol s iles S ool Sl 4 513 -2 Jols 57 Lo slo 2> 4 L, ANN Joke
e Sileys ol /s L4 o5 8 55 o gumn was &S5 &S das e Ol
Caliea oay dw Sl oslizal b (Y2Y4) 0L 5 1,55 ol Sl (g mi s
s skt & (o gmn ae 3 la Ui 5 Y ol S 16Samnd 050 £)
Sshol grio S 55 Jb Faileys FauS o iS85 sV L e o5
63, e G S5y ples by e > Shee ae Kb gladde o Ll Ol
L;,uu);@Jﬁétﬁw@J»w\ﬂu@uw,wgéﬁfgw
S p &y i Loy I (Fileys a5l sl 1 0T Blisl 5 o5 848G

o3lial plms Caad iy (51 1 48 ez (65,55 31 OLSen 5 )l VFAF UL )
lagasli Sl eslinal b 5 Ol Slaae sazs 555 1 (e (s SP05 (2l 03 LS

el OM‘G\)‘ C@wwyg&:ﬁ )}‘E'.“ A’M J‘:J’J

1. Said Marso & el Merouani
2. Gregova & et al

3. Support Vector Machines

4. Genetic algorithm

5. Lasso Logistic Regression
6. Alamsyah& et al

7. Random Forest



w2 B, s g0r0 (6,95 (Slao 2 Jlo (Slod sl 1SR g g |

Olziy s pdle (& gme g L;ur;wij\ 51 oslizal 1 oslizal LOYAA) s,
2 Fran Ghgn Sl ony SIS ey e b 15056 02, S5 S S
315056 lapn, S das o 0L (5 a5 gl sy Jlo SeuSlays st
ol o KenSoys dw b 03 2L Sy sl ls ponsle

ol sl go v sl gy oS 5 L (VP DOLEer 5 5500 g0 503 Eash )3
laesls Sl pskia oy Lisls bl plew Cuad (o iy Hsbie 4 (Jde (L) Slads sezes
Jbe 5l ol mB b (oS 5 Jute SlodaT Gy s Al o3l 553 5 01l &S0 e
g3e e ) L Sl Jole )3 alsl Sl piie ulb () p L e O (glaas sazes
BB sl ez cadsl Slaosls ol sdes idw Lo b oS ol (5,8 wons b6 pge
ke 5 o Aol Sl AlST 53 ege B padse ) S 03 ale 53 4 S
Hodd gl ptal Aol s (Sla iy o yd SR cpl 53 3l LOT i eslizul 03 4
sl 7208 el 8 3lad g i (3l (Slads sazme Jde g By Jde 4 e oS 5 Je

ot Sl Ob gz CoF Geptn QU eon JBs 4 Sl ey
5 ST Sl bl 0L Slsle Gyl oys 53 Je glacs e Jb Swbys
lels gl Bay sl b awlie 55 (VR0 5 o ST Hlas .ol (144F) 00, S0n
slg Blysl wys 53 Jaes Syl Lg\.ac..fjiuﬁvfb Ll iy Jb ekl glacs s
S 6 g ESKSE (VAPA) T 5 0l 1 Sojlaws 056 VFY e3le «(1440) edT 5le 0l g8
s e 2 s 5GEs ey Gl ol 0l O OIS 5 J,ST o) e e
S5 5 sn srae LSS ﬁ)}iﬂ\eyb b (Ol 4 geze Lo 5 @S o)
S(RBF) 4 plad wl 5 8 5 (MLP) 05 s 4Vl pae 58 1515 )L o8 e

W25 8 15 sdomn gy 1 3 4mlin 350 (ANFIS) s Gobss (56 izl (e

PBIF (w095
Sl Glosl o 53 okl 4y (S 5 S (Jols S5l ras (gleT anslr
S ops ;),Ta))\pb;)w Sb S0 4 bg e DM | lodas i .Sl O,
Sl (S hleys gty )y Canlods g3l O Shsler Blosl s (S ol
Llacdls CIld A FA-VYAD Slej ol 55 a5 Ol g Hlsle Blysl wys o b sS4



VFa¥ L’,MU P dd b)lm:} dY 0,93 c)‘bl.u d')?‘ ¥ aollad

4 3o Camlo i o5litul S et o oay 51 SiolesT 3550 (ladgas bzl gl
5 D)0 5 o Sl slme ol s oileys S 1305 8 5 1 JSize ¢ 2 s,
5l S b ol oks S (San Zule bt 4 s (Il glacS 2
omomen Al aily SLSG L 5550 eIl Bl 4 5 s &K 51 OISYT - oubile
T 2508 4 Llods 8 8 5 55 o lg SaS 8 bl (51 4T gl gdous

AL e 3 s 00 sk 5o ST S Slis e DledibI -

5 3 ola il Y4 4 0S5 Il Il -

A5 0 5 LESSL 5 b g i wle o dile Jbo (5 S abanly salS 3 555 —

A8 ool (Jlo Jlo o5 (g 3050 Sl 095 53—

s okl 4y OlLgs sl GBlysl ey 03V YAF Jlu 31 LS -

531 WWAR GIWAD Jbe gla Jlo 55 ba &S5 ol as glacilsl 5 b (glacs ) s -

Al o5ls @ly) andllas 3 g0 095

sl glaws BB by e Sledbl b -

3B 3558 Db 5 (gtvmacr 5 slate & EXCEL i3le 5 51 e T (glaosls (55T pacr 31 o
por s 8l ROSETTA (LT (slajlile i 53 0T 5l Jole mls 5 Cwlodd 3.5 o
,Ju;.wu,'t;,dp}m&&&gw;)}m@MATLAB A3l 55 o) glaes sazme
num;),asu&,.:.;;@J|J5J_~t>;mﬁ.;;)fmh;wwdtesﬁww,;.w\au
SRBF) 4l (sla wl 5 soae K2 AMLP) 05 o, Vol e S22 Juls a3 5
350 55 5 gwoals jlaslinl b o tza (ANFIS) s 5ok (636 izl (gla g S
o Gk e 8 el (la it 3 amlie 4 o8l 5T 68 s 4,8 e S5 SaST
s Glae 48 5 SKke Aoy (MAE) Lo oo, 5 S0ke (RMSE) s 5 S0ka  slioes
ety Qo Fhleys g be 6l e 5 slae oy e elil ol 6 ol o GOMAPE)
5,131, MAPE(%) sRMSE MAE Jjuis oy 28 & ol (il oS oy g0 oS

B S paie Gl 1S9l A 50
s (L LB) YV 51 Y AV) 010 5 Sl yge 255 5 S & bl 25 53

S5 (6ysTs 0w slaals 0 5 gz 4 45 Sl odd 45 8 0, e Jbe



w2 B, s g0r0 (6,95 (Slao 2 Jlo (Slod sl 1SR g g |

g Sl Ul (511 (55 3 Sldgns Gl astli (S5 5 g S I8
Sla o la 5 (Lo olyls 51 5 se eslizal U1y (5,8 051N Clled sla o la ((Sdedidy
23 5 53 Lol @ (Soce o 87 ilgms sl LUl 5 6,8 o3I s UL >

el 0 Ol 0T aslons 585 5 Jbo sla et

ey u“”" (5[“/"01“"-"]}4?

G5 o\l o e gl 055
oAl 3 g /o gls IS Lo e b olls Lalls o33b Sl asli -
S 50, 5 Jb 3 gm /a syls IS Lo 520 b olls Ll b es 3l $0573 50
oA 3 g/ plgw Ol G 5 Lo 520 plew Ol G 5o o35k
oA 5 g/ Glas T ) S A 5 g abl S
AL 5 g/ Gles LT 55 JS AL 5 g bl Cd
Slhes 35/ P3P s 3 pm o
Slhkee 50/ plew 0Ll G 5o Lo 20 s Lo e Flhoe 55 Lo
(lg—w Ol>Llo
Stlee 350 /ol Law e b2l b e 4y Slbas 3 v T
A 3 g ol 83530 o Kiln (e A 3 g
ol gl /gl sl py Solr S skl gla e LY
u".T sl o/l sl a @Tg‘_..w; Sldgas
F28 3 alep /aglls e loolls & 238 53 b o
A 3wl G G E S 53wl e o
S g0 51 S s /oy 32 o ik sy S
s poor fplgw Ol Gy or Olbo s 4y Ay Rd gy o
plew
by oz /o 2> o I
S p e olyls Lo sze babls i3 8 Sl asls Y
YIS oks plos (slgs/ VIS (63 yo Lo 20 VE (g3 30 3 5 Sl
4, S
Pl 8 ol L g B ol s S
Sl wsa /e ks oo e A b e a5 o
sl gla ool Lo sz b sl olyls g F
Slkes 5 0L 2 /)l sl Slbes oy 2o 5 o Slaasls ¥

Slhes I ol dB a5/ Slles 55 3 g Lok S L & UL




VFa¥ L’,MU ldd b)m dY 899 c)‘bl.u d')?‘ ¥ aollad

A5 o\l o e gl 05 5
Slkes 4 0L o / ool Law 2 b2 lls (g 033k o
S B 0 /ol 03530 o SKile o P Slhes ABOL
B 0L /S 0593 g (GlLhes A OL (e A SR 0L A Ol e

Sl 0)93 e A Sk

ouULA‘)J Lg‘.hg:sj& L,’.:LML.& Lg‘.h‘)l:.’u ma: :lﬁjé 41’)0

CLCS i jasis bt 4 VROLKe 5 &o ST jlas I 2ass ol o
S (084F) 0 5 o sSuT jlan ulal sl 0l o3l obile )3 8 3l ol o
Sl 9 S co g 51 550 gt Il 95 55 457 555 o0 OBl Jbe ol ys Ol 50 4
J8 3 Jlo o 5L 50 518 0 g 4 a5l 2SS0 s pglal 5 5 s sla ol
.u\.:vb.ajé{‘&l}ﬁwjéf\' )'\J‘Lafdf’bdf)\.@Angbcaﬁj\

Sl e tpgu Al 0

wlodd oslazul JLA S YV 0 R :J.S:»M P

el 38 B g 5 0505T 2550 atls i Ol 4 (Jlo (Sl ys il e
Sde VJL,J Sles GACS & 4 5,00 sde slileys S 5 4 e ol L;,:fa)'\.u,;

Ll ool u,a.;..,a:ﬁ di’f.

oo oaliwl sy Juw
5L B A sk a s besls 5 5e 53 SLSI SledbI (ol laas gazes S 0T
Jeloss skt s p5Y (63555 sls (YLl 5 (65leT IVl 4 i (935 Sbl e ()10
4l (SKes e il G il el s Sy g0 4 O3y Slaas sazes Ly
ot ol p g 53 Sl oslizal 5 Cay a5 3l S5 s g el Wnadl o 5 s
(e So5p2 3 Sl S i 6008 Sadlie Ode Case il
6o b slst ) (Candy S5 odas yisled (s o (s Jsda 53 558 0 Ol
Oy laas sazs dnd oo ioled |y i gad I adlje b dadeine &K O g a5 5 ol

ijCa-w\).}@jabj.’mg;yhcqﬁwwjb&k)‘@ﬁﬁﬁﬁw)‘wﬁ



w2 B, s g0r0 (6,95 (Slao 2 Jlo (Slod sl 1SR g g |

QTC_)}:L_}g’.g?;lﬁoz‘}w}mmo)\.b\guﬂbjéybdwrg»n)wﬁé
%}WWMSMbGAGLM‘a&;jjbdQ%J&.L.sdu)}.:c.k&bua:r.&ﬁ
it 45 gozes 3oie Yozl 48" Sl ool o, S 5 55 Vb o5 Lol i 1235 ) g0

S 48 R0 (5994
ol 3L plel sl g @Bl s Gl (Bl ) S L) 4 e (5055
2 O 48 ez S5 (6 g0 03 9ume a5 pledl () 2 53 28 (e
odiosls R E UXU g5 abaly &S5 5055 sliasl 51 alize a8 gazee <SG U 555 5 5
daly iph o okl jlod puds daly 5 o s s sazee CI AR 5 U Glase o i
355 PR W s Sl s o Gl U ol 55 53 (SIS 515 OB Glad puts
4 gazee U 487355 on 0al 85 (5L S (ULR) 255 sl (65 len alal ) SO R o
o i U s gazme 5 68 Xapi on (55 .l U s (6500 dlaly SO R 5 o o
4 O ol bl pshtea il e R plel 5 X 4o gamme vy (a2 R S U
sher Bl 553 45 Sl Sl Oy a8 sazme 5 5) 55 Slaly poalie 5 i S0l
258 h i X geiae Lo 5 4S50 a 035 QLR 3ol oS R(X) 31 eslizal b
L aS” ol Shils Sladie sl ide o5 g ol ' Dilakid SR alal) jles gla oD
LgL,é_olaMLiﬂq.:):Bﬁwr.x.c«@l)j\a:u.uww;ulf)}b@.:ﬁ@SJ:R4.34;-}?
g on g 5 Ay ol a5 S s 53 Slabad g S ks U 681
W5 goaih R 4 Cad X (slasl Olsie 4 Olabl L bl 5 o & oLl 45 45 gazes
s 0358 g0 0315 QLS R¥(X) 5 58 0 0l RT 40 S Xt gaes ol o
R*(X) = {x: R(x) € X}
5 At R oy Cod X fazms (slasl Ol e 4 015 o0 g5 & gliael 4l 45 pazes
e 3 g g0 0303 QL RF(X) L 5 b 5d o 0dsb R 4 s X a8 50sR™ (VL s 85

R*(X) = {x: R(X) NX+0D}

1. Granules
2. R-lower Approximation
3. R-upper Approximation



VFa¥ L’,MU ldd b)m dY 899 c)‘bl.u d')5‘ ¥ aollad

K ps Olge 4 6 5 X sle Olge 4 4 plad 5 gba 015 a3 7 las) 45 45 porea
RNR (X) U 5555 00 0duslb R & Cod X 4 goes ' (65,0 035m0 0,5 b R 4 s
Iem 3 gh 03l Aol

RNR (X) = R*(X) - R*(X)

2y r Shud 5o p D) a8 sazes Lyl 5 @Me L

il X (g0 edous STgs 5 STl A X ae gams S @

& X 55003500 SN 5 S350 0 0deal T SR 4 Coi Xt pommn &K @

RESW

JE osba & Lol Gl IS plazl Jold a5 pame & (b B 4 Ly p Ll
16 0 LT 5 b 15 48 el Gl ST Lozl W 5 (55 gn ) 5 48 e 5
el 48 gazee il B 5V B i O 48 pame S5 (65 0 03 50kmn (i

s o O 1) YU 3 eds (i a8 (SGIE s pas (V) S

(o) (=)
:

crealy e A S I

w}‘e.n‘;bg‘_.gjé'uxjfl:cﬂﬂ’."'/g

1. Boundary Region

2. Crisp (exact)

3. Rough (Inexact)

4. Non-Empty Intersection



w2 B, s g0r0 (6,95 (Slao 2 Jlo (Slod sl 1SR g g |

(MLP)4Y izr &9y 3 (gpass 40

SLaSE (p 552,08 005 53 Vi O sy 052 4 €05 e 5, (o8 SBASE
el & ¢ mas s sl 5 e sliad Cnlie Ol b L5536 el ol .lied s
O3 e g, (smas 4 dins plowl ol il 85 L 1y o b Sl S iz o 0L
modd S s Y S 5 Ol oY i eSS o355 0¥ S I Y same Y i
Wl e g (SCalols (Slaptnn 5 (£ game (o S ol

S LT byl Ll 5515 Jsme laa¥ 53 bo § (0g i omae (saS )s
s polie ¥ sl s e a5l Kt (63555 S K & Sl 6 b
S35 62955 05 a1y polie cpl iy Y odas o 13 Ay 4N et 53 503 S dnlous |
SWe B 408 2 s men w2 sd e S Y 4 OT il 5 polie 008
2 BT 0955 omae bl sho sl 5 Ol laaY sl S o Jae S (gbm &Y
oo LOT blte 05553 03,5 2 63955 polae 555 o0 und st 5 05a5T 255 ol
SMLe digh o mez (pLL) pb 4 S e b (555 83555 polie JS e 2355 o0
Slp Jsl b oSG Ol 4 4 el gm0 4 6 ol e T o,
Dsh o w58 (o A e M 5

A ol B> (s 2 cladlie Sl eslial b il 5 e &Y iz 05 i (s SLSSE
230e Ol g 4857 (Bls g p2lie b dite s 5 alie anglin b (5,80l )5S
5 okd Sl s 3y 6,83k 02§ 55 sk o L) liph e bl O
51 S Levenberg Marquardt _:jseT 5 Shee L Lisl v;,_,,isl RO ISERYNE
Sl iass ja 1y ST & Sl CHls Co &Sl Lgl.a‘..:{)jiil P gea
4 Ak b g Sl S ol ol on s S nl 53 el 03,8 S il
035 Jst > Shee 3 b 5l dde (63555 palie cJgl d o 55 b o ol a0
23 G OWS s g op hS Je (s 5 p3lie 4 aY a (oae lad s
s g demlous 358 o odisl Lot S S (odn sl g ode] s 4 s S
AL s O3 A yolie b s e ame i pae S she & g Lt SIS
polie 4 St U Jbe (gl g 5 487 ol U 0L dal g anlsl Ly opl S s |

1l 5 g S8 2SS gl Sl sl 1S o i s S35 i3 e



VFa¥ L’,MU P dd b)lm:} dY 0,93 c)‘bl.u d')?‘ ¥ aollad

::g@ww;’;)yd\q@|d¢>‘dbé§iSPUREUN JLE:JlJJQA;

a =purelin(n) =n (V) dsles
> Wip+b,=n (Y) dslas
a=tansig(n) 1+efp(n) Jst b 5, Shee TANSIG
a:|ogsig(n):ﬁp(_n) : JUisl 6 5 Sl LOGSIG

P PO Y el e by el P Ol

(RBF) (£l 4b 2 Koz (£guan (ouas 4K

(ANN) 5 stume e 52515 505 155 (S0 w5 Shas (8 s s S
WY L O ey (g (e (B 4 el S 5T s S S
(3555 0¥ 1mlods S oY an I el 4l (£ me e 4S5 5 Slos w3l
s 3 0T 53 St glaaias oS ides 4V 3ls 0 5 555 53 1) (63555 Slaesls 457
S r s 5 S g e S (s Y

e Jize Olgy 4Y lws 4 ol o 68 ma 05 63555 &Y slaesls
oA Gl b e s ja 055 J) b G b Sl s 53 (L5 (glaesl
T3 e 355 o 5 OT db g 10 035 03 4t 8 (5 B e .3 5 8 Aunlons Lkt
(b Olsie 4 & (503 e odle 4 |5 al> o I Juol> 553 olie dan e L Sl

Sl ok osls LS 53 5 s 4y g ats 53 Olbee 558 o0 dunloee 0345 0 sl

O (X)) xIm=Wn O)dsles

y= X1 Wy X @y (X) + B (%) dslne

CU(pm K A 039 Wi NG| \AJ,:&“.A L;}j)}ﬁ}uAXMLGAM@jFYm

sl pbb OS50 by wByas o 5 Y ol ates 5 JUisil



w2 B, s g0r0 (6,95 (Slao 2 Jlo (Slod sl 1SR g g |

el ok a8 8 i 53 a5 JUis! b Ol e 4 GAUSSIAN Wb ¢ ol anlllas 5

Pm (x) = exp(= ”x;%") (V) &slas

Wl o gams omas b Aib o 4tad odins 28 Omy sl S0 Cn S ol

25 (s ol palie 4 S o B S Gla s 5 S Sl gy Gl olad
4l al (an orae S DB Nk i e jpalie Olsis 4 S a3l
i Olgs &Y glaatas slaw 5 odias b 28 (wijs e sl conlie yslis s
ﬂ:&».sﬁ@ubdwwjoyﬂ—uijjbjoM:uiJ:wf)\.LbjwalM.sjl:

s g drloes 3550l Jolie (b )3 i5s 5 ST e s 4

(ANFIS) 3 a5 (S5 g lisio! (Sl s 455
b (e s &S5 Olgie & (ANFIS) 5y Gulos (656 il (slapiu 42
el oks 1S53 Y iy 51 Ll
Lo O fn p, (eras S i pdsGalar (656 bl (slapiann S8 I L
jcwf&so%LsLMu_YO|j;.oau.4.w,3.uﬂcé:j)3QYOlyqdj\qY.@\qY
36 glmul Glaptecw 53 &Y 2 S o Jas (o2 4Y Olse 4wy 5 ke oY
4 s Galas (656 il (Glaptm (Solens 3 15 ) 555 ol aibsy 55 Slas 5ol
(3lusale oY odel oY (3l oY 55 4 il otd S5 Y i Sles s
ST R BTSN ST
b 03 S o o 1) 0T Glate Sy e 5 53,8 o 1) 62505 olie Il Y
Hish o Jods 65B slasa s 4 (s Slasasss) skl Glagasss - o oy
S s s K 5 (63555 95 pdb el (636 el Glagtenn S 51
0s1 = 1y () i=1.2.3... (A) dsles
03 = Uz (X3) i=1.2.3... Q) dslre
A (63555 piie 4 by e 5B polie Azl s Arl s (63555 polie X2 5 Xy
s Aol 5 Asl 656 e 45 goms Ly s w6 3 5 402 5 O
Wl b B (1) Wslee L 4875505 1y (158 gl oSS oy W 5 aid s g3 Y
wi = par (X1 pazi (X2) 1=123.. (V+) dslae



VFa¥ L’,MU P dd b)m dY 0,93 c)‘bl.u d')?‘ ¥ aollad

Wl 0 dploen LS Cun gl (g5le (3le p g &Y 2B
(Takagi and Sugeno 1983) L 5 ois slgii (556 Tl sl s g1

;}.&@ oalaiwl

W, = 2 i=1.2 (1)) dslas

wi1+w;

J}:f@b4>r.::.:L;LAj2A‘JLiwﬁmw;yd>f)\c.k&c}:5hfﬂbuﬁr)l+?qy

Wifi:\ivi(pixl + qix; +17) =12 (\Y) dsles
S (or dlomn |y il s 16 (s P Ol oy Y
_ A i Wifi i
y=Y2 W,f; = Zzl—w i=1.2 (VY) dslas
i=1"1

S el 5 gy S 4 Oy 5 Laesls 355 S b Sl e S 68
Sl 0s93 (Hly Sosls )y g SKE o e gl Globee 10T bu g
sk ool ) g 4 S St I 5 ot

213 3 )8 Ll ol b u S anslie (6l baslme o) T ais e o)l al
S0k S8 0sls 0l gl 3 Shas lajkes S Sl (it Jiles
godd Lt S g e sl 4 by e i 45 555 e eslial baesls slabls
1350 4 &S el 0l onlial Hloms Lz e Eags ol 5o Sl a8l Cogllae o
58 Sleds,s 5 (RMSE) s 1 5ke g e s MAE) s llas 5 3ol
RMSE (MAE jluie o) 55 &8 ol (cliSt K o s btz (MAPE) o 3llae
051, MAPE(%) |

g2l e lio (5 laylne X yuder

p _ 2
Lp=1(dp — Zp) (RMSE) s S5 sdms
p
_ldy— 2| ;
Zp=1l"p “Pl (MAE) Wt 3lan ,05 ,S5ke
p
p 9o — %
p=1| d (/MAPE) s 3lbs ;5 ks doo
P %100 ’ ’

p




w2 B, s g0r0 (6,95 (Slao 2 Jlo (Slod sl 1SR g g |

Sl Ol 05 .l ol slai P g o Sy g SRS Zp ol Ol 1A dp «
o & oo 55 ok otalie Hldie OT 4 5 Sl adeies (o Slulie &S

il FESEs H(Zp) 0T sm iy oHie 4(Op) (WBls 5w Sltie 4 2 IS ok«
Glas Ol gy p b e S5 CadS l by gl SIS ot Jde i Coes
2 b3 Bpolea b o i

epzdp'Zp (\?)AJJ\&A

SRR Sasl
o5 sesls a1 Jol P

5 S sSuT Slas b oS a-Jle SOA slaw (goled ples rsy I esliml L
CLCS 5 5l sl 905 55 15 s o diged Olge 4 (144F)01, s
Aol Al AR JIAYAD Slej oy b Ol,e Hlole Blosl eos 53 okl 4By
LSl o ses Glajbas 1) a5 e p LES 5 4 bgy e slaesls 65T mer
olilays 4 ses (SES 5 3RS adi e okl Jlasl (LT amalr S (555 5 4505
ok Ozl Il ol ys G S 5 Culg s 5 (VA0S 5 o ST Hlas ulal
bl Olaen 0878 YAl codileys (SES L8 a5l g 039 &S5 YYA Luls
okileys b IS L5 Ol e 4 codileys S 8 4 &Sosp LIk sl a5l ele
LS i 4 cLlodd Lgx.!r:....}.? S Cad 95 4 S andllas ol 53 558 0 o]
.Mo)‘:f@i\g&_:i&ou\}bjbx&sudﬁQ}jﬁ..pbu\.ﬁébc.ﬁlﬁjé

Wosls (g jluarans 1p9d P
Calims LSS Sl ealizal b (2 (slao3l A 5) Laosls (55luannS 0 4l 55
el (Shny ol o plwil late 4 J 2S5 S5k 0s,8 55 4 laosls e 5 0l ol
J5S 05,5 (5l o y3¥D ldie 5 5,55k 05 8 (gl Wosls Lo 3 VO joluasst| . 4é 0
Aol ol el sl b 3l e Cole sl 5,85k 035 glaesls Ll sl

.vU))@)KQJMJL::&|Q}AJ'T&‘J.:d;}fc);dhaab‘g&ﬁf@)\}asu&wb)}s



VFa¥ L’,MU P dd b)lm:} dY 0,93 c)‘bl.u d')?‘ ¥ aollad

o bosls g3l by 5 olulis edied 5 B 5l (o glaesls ¢ Jow a3 S
255 o Jebous 03LT Sledbl 6T Calgs 3 5 plail Waesls 331 5 5 ate

2L 0I5 o il by sy ()b sy oS5 il )3 Laesls i s 455 503
emal,ssb\atwg;w;,;,,adu,ugﬁdx«otwbﬂgp&@fﬁ
3 03 sika 0313 (Bl o i 755 (5o a3 55Ty 1 (6 G 3 (sld (s1r ST plonl
D pbgr 8 5

Olge a4 SN STl Hlssed Jllds Codo sl S5 Sl 57 Slas, S, Ao
Sy ol 5 T Cds osls 5 mol s 9ol b i oslitin] oo 5 el Gla s,
‘5@\}5}5b.Qijsdp.\;.&L:JASLM.«Q)y)\.aQﬁm\élﬁa:bk&ﬁduo:\:;|...Uj.&&bl;&
T & 55 i 145 4 bosls Ll (il Jlo i bos S O Cmio Olas 45 08,5
55 Sl o plonil Syl 53l e Niph SIS [0 N ] e 5 S S w5
35 e ) 45 15 55 pbie b (slaosls (g oo LIS 4 Al (5,8 o511 (gl Laosls
&8 ra) cal il 0 3 8IS 4 MN-MaX (5l o b ¢ slate pl 4y S5 O3 e
ey oy o) 53 4 el g (et 4 3 o plol ol slaesls (555 o ks
Sl 5 Bl 5 5 4 MAXA s MINAST LS 5 5 558 oo baim Lol laesls slie
ol 55V e 4 A IV liie ¢S Min-Max g5ledle ¢S5 sl (S5 oK ki
184S e s [NeW Mina ,NEW Maxa |

V-min , .
= ————4 (new max, — new min,) + new miny
max,—ming

G50l (2 IS e o 05 2 At dslons 3 s B S 5 dl o 1w 4 S 51 )3

Lguﬂ;.:ﬁﬂ;uuum@"MMAM):uwoﬁjf@ﬁdtﬂ;ﬁ@)g.ﬁ)bjy

A5 Gl LT 3 S S50 4y 9 5T p-*iui“ Seslaal b glojl &) guo 4 a5y
NEPREM S PSP By

Sl 1 45 pamn (5355 31 e3lizal b 1§ ] il i P15
Sadie 4 by o Slj (g m laosls L;;BSMJ}J:: 038 adeia )l da

< ,~ Rosetta i £5 82503 Ul5e 4 pandl g (Ll nal aaiia g b,



w2 B, s g0r0 (6,95 (Slao 2 Jlo (Slod sl 1SR g g |

Lo g il Bl al 5 e (sla iy 4 Lo il o A 5 (5l S Jol o 305 oo

= - F . . .
G A Dobe a s dde e b b e 18 A Al e e 5 S (e plaill e
O\VC)? )\f‘(,} W&ALSCL\.«J‘ A.LLAJ.M )‘)b DL ol Céﬁ-&i L;L%dj& &;Lﬂ j-’ulﬁ)}

NENUFRPE

3PS o7 lnesls Slaad il B 83 Olspe gy 2 3 0ok ) il 15 o 0 N6 P

S o plil dl o ol 53 S o Szt 1 3

Calien slabg, Jlasl 3l ol ol 58 (i sLzel) gl 5 5,1 i P67
ct—}w).) cLAo.-GUu.fu\:J}}'_gth\J LQJLNMJJINL;\AJ}) s_,..:fj.?)‘ oJu:\.wH;'
Ll o s edil el (il 8 5 b 8 15 Lo g 5 350 (5,8 5L 03 8 (glaesl
ﬁpgu:suéup;,)aaua,;ujaf)\;oyﬂ;wdﬁse,fduuujmm\
o 3 el B G Dol il YL Cds et lh e p il awslie
J;fjéﬂfgg(.ls‘u.a:\:Ul,fp)'\d.uw)\,:;\glﬂ.gw\;&péxfslisunb
J S 4 gad 53 o3l o )3 Y0 5 (6,8 5k 4 503 55 Laosls s ;5 VO Culgs 53 48 A o3lizl
AV ol Jde S35 Colgs 5o 9 Ld |l 287 (slaesls (65, p sdome Joe il 8 s

.MT\:MND‘U‘]&).Q)}JQM)-)

J de L’.e:.’.u_)(.:ﬁ/c;rlﬁ.fd_;-l.’

ol S e
. )
il . AD . Ve
\ Y '\ /AVFFAF
V/AVVeY A/ </AAVA+D
area Y/FLYAY
Std. error Y/ELYAY
ROC
Thr.(+¢Y) Y/FAYAY
Thr . acc Y/FLYAY




VFa¥ L’,MU P dd b)lm:} dY 0,93 c)‘bl.u d')?‘ ¥ aollad

RO SB ) gl b dwlio ipid o5

Wbe 25501 il (ol ale o 53 Jols 0¥ iz 05y (£ 5 s S
1 b o e 03 8 a4y (o303 FOA) 0d (55T paz (glaosls 4 gazms .o 2ule3T
Wosls/ )+ e slizsl (laosls as gazee (0315008 osls TAD 50T (laosls as sazee
s8] (sresls as gazes . uwl (0315 ¥ aosls 70 O ga3T (slaesls as sazea 3 (o315 #7)
o e LT aS0) cpan (gl (i slzel (Slaosls as gazes .3 55 o o3litul Jke 35 0T (5l 5
Sy 05051 Glrosls 358 oo oslitul Lo b Sl olss 25 ae] s i Sl (35 o5
23 e gaza ajjfja laesls &S Cnl Ol @ P’Y 255 oo e3lital Jube :JSL,& bl
(St a3l 4 i 4 ANN-MLP Slae 8555 o Oloil $3lal &0 40| 2
31 shlitee sl JEH w5 6 55 5 Ol 4Y o 3 1a0s) 5 3l Olgy laaY slutas 31
ANN- gladus an 5 611 U Wb ¢ 5 aw poman 5 Ol L0, 5 5 Olgsy sbaaY
3 RMSE (MAE liis op 2aS oS ol gl aSs op 2 o oslizal MLP
53 b i 5 5 4 MLP-ANN Lo g s s i sladbe s 505 |, MAPE(%)
Js ElF O Sann onl oo Bledd ot Oley Yl s Olgs ¥ anw 5 0lgs 4N
Js) cb’ Shls a7 4V 5558 o oslewal Olgy sl (61, LOGSIG ; TANSIG
oS Ls,ufru ML 15 e g5 cpl 5ol aalllae 5 .owl PURELIN

@ odd sl -~ Sosls . Llasl anw 5 ags Jdo vy » 6 » ANNS- RFB C\y\
35T Sl 0 503T Glaosls ae gazma ¢ 5 50T (Gloosls 4o yazma 13 g0 ool 03 8 5
b oo o3lizul (o313 ¥Y) 3ladss 55seT Jibe 5 Shas bl sl 5 Cosls #Y8) 51 ke
L) Ly oo Dl (3L Do 4 |l pa 53058 pa (slaesls & el Oy 5Y
s 5 bl oo aalsl LT s 4 iy 3 Shes 87 S5 G RBF-ANN Jote 2557
(RBF)ab plad mlg Kb 55 ol 0ds 435 5 53 s (g1 JUEl b5 Ol e
b h gy p dan SUx bl Calidee (slao 3L

255 2057 26 6 IVl b a6 500 285 (636 ezl
S5k ﬁ);@‘ 35l e 3,8 o $3503 L LS @
MW.;,:NGAulgJ':j,ﬁw»',;pjL;L;L;uﬂjgwu%s\ﬂ(ouo,%)
LY Ty Y el eV (ga)s o ple mls a¥ csos)s V) oY my bk



w2 B, s g0r0 (6,95 (Slao 2 Jlo (Slod sl 1SR g g |

il Gl Sk eslizal 0315 45 gazes 55 IANFIS Jus anw g (gl sl (29 &
Jols Sy e b g (o315 YF) Joa s Shee U551 s 6,555 5 (osls #YO) Jue
38 o sas @6 5 trapmf) ol wijss oy pae ob (rimf) e oy e o

W 0k Bl 25 gt 53 o) il 265 )5 eslizul 5, 40 (QaUSSMF)

2 g s ST jlne o Lol 458b dnugi § b o p LoF g pale g lin F ulr

39F)0 [y 5n
14 5 09,5 Slxs
MAPE(%) RMSE  MAE ) Sips de
o gls wb g 56 S

O/FV AV 4 TANSIG, TANSIG {A-v} MLP ML)
/10 ASY VA TANSIG,LOGSIG {A-v} MLP MLY
/5.4 APV A4 TANSIG,TANSIG. TANSIG {1-o-v} MLP  MLY
/Y0 N Y TANSIG, TANSIG,LOGSIG{$-3-5} MLP ML¥
Vo AYA ¥iar Y 1) RBF 0
FIVVF JYVE /00 ). RBF 5
VY YYE Y )Y RBF v
AV/YFY ¥ind! A VP RBF A
\Y/OF Y /A \D RBF 4
LYARN /YAS AVS) Trimf ANFIS AN
\rAlas YOF SAYF Trapmf ANFIS "
\Y/ANF f0 /XY Gaussmf ANFIS 'Y

5> o1& <11 ANFIS 5 ANN-RBF; ANN-MLP (slaJie o sl aumlie s

a3 o Ol ablanw 5 gladae jlog S o gl 1) olbdumlous glalas (8) Jgd

(5B pin st A5 5 Ly (535 S da g pale g lin D g

MAPE RMSE MAE Sl
VYY$ N8 yRT T%F{E%F;‘L
\VAl'D NPY /Y0 MLP-ANN
ZIV\F CJYYF /00 RBF-ANN
YAy /YOF CAYF ANFIS




VFa¥ L’,MU P dd b)lm:} dY 0,93 c)‘bl.u d')?‘ ¥ aollad

& 5 mi § Sov
S ey g i 5 gate 4y o3litel S g (S35 b by (8L s 4 ol e
Slaas sazme (555l 0353 )l e S S L 0T ol a e 5 VL L JLo
kol Gonls ulul 5 lgs (656 ()65 53 Cu g domyo b LT 53 SV laasl O 5 ol
Ly baesls 53 s egr Gl 6) 55 (pl I ()l Dl 4;@ 4L g esy
S o plal (gl o glg8 (2 S o0 O andd 558 b 0L 4 5 CasS
Jite Lo ods ol il ol ae gemma ol (3,505 5 b BB cosle ol (5 e
LS o 151y 3 po (Jlo DML 5 lad gl 53 35 5o 515 31 S 10 00l 40 same
odaT s &5 il 8 .S o Codm |y il i ol DL (g5l oS 5LS1 slaosls
o &5 Lo g e 056 a5 Sl Slably e Ol gl 45 sezee Jula |
@l S Jlo 53 Sl ogp BB ol 40Ol e il 55 oa Sy (8l (slad sl
o3litnl Gl S 457 5 15 5 6la 2yl e 4 L el T G sy plo 51 ol
Ao )30 lesliinl b Coly (svas gamme (5565 ol Jiagh s AL LT Lol b odss
S35 2 o 3dmn Jasl b5 J 57 & gad 53 Laesls o j3 YO 5 (6,8 5L 4 ged 53 Laosls
Sl Cmens 5 285 5148 T Cwd 4 o y3 QMY ol s Jide S5 Culg a3 J 287 (glaesls
S QAR)OLIs 5 o ST Jlas elaly Jbo Siloys s e sl oYU
FFan e SBaSE b Ol 40 pame (6555 3 ol mls lamlie o) Sl
3 ST e G Ju (Sl Gupta 6l db e 2bls Gl i
S Ut elaw o 2087 0331 513 b 31y (sl 42 gama (55 55 3 g0 OLE5 (1ARF)0) iS00
SIS VTP ¢ AFS CV/YNS A5 5le 5 4 < MAPE, RMSE, MAE (sla jlas &
S S s s sbaie 4 A 53 eslizal 35 g0 (Sl 4 omd (6 i U5 5 I8
O3 5 805 453 5 0l 015 oo B aSG b naST sl 5550 53315 1) Jbo S ile s
s St s RBF)ak plad wl5 e a0 & S (6 28 233 51 (MLP)4Y i
5wl Sly s o Shleys go i sl (ANFIS) 4 Golss o56 gl 50
Gel (3B il S @ o (55t 8 I (RBF)al gl g a0l pimen
b Vs O i 45 Ci8 Ol 0 5535 Sy 4 .Sl ls, 55 (ANFIS) 0,
e LA} SO, s sl Gls w5 4 5 (TANSIG,LOGSIG) 4Y s slaw



w2 B, s g0r0 (6,95 (Slao 2 Jlo (Slod sl 1SR g g |

Ju;mua:g(RBF)QgC\&:ﬂ@;&,‘:Mm,m;g;bwmw);b;ﬂ&
(TRIM membership function)cu bk (36 cae &K 53 5 Gn 45 53
S5  edel s 4 S 5 s gl Sk ehsr vl e 3 Ses (1,1
31l 48 semme )95 &S Cwlede ol ol S (VAR 5 o ST Slae ulul
55 od oslinul GlaaSs b amlin 55 Jlo Fhileys co b sbte & g5V GUly

W 135 B R



e

VFa¥ L’,MU P dd b)lm:} dY 0,93 c)‘bl.u d')?‘ ¥ aollad

References

Alamsyah, A; Kristanti, N; & Kristanti, F. T. (2021, March). Early warning model
for financial distress using Artificial Neural Network. In IOP Conference
Series: Materials Science and Engineering (Vol. 1098, No. 5, p. 052103).

Ali Akbarlou, Alireza, Mansoorfar, Gholamreza, and Ghayor, Farzad. (2019).
Comparing criteria for diagnosing financially distressed companies using
logistic regression and artificial intelligence methods. Financial Management
Perspective, 10(29), 147-166. doi: 10.52547/jfmp.10.29.147. (In Persian).

Altman, D. G. (1995). Sustaining interventions in community systems: on the
relationship between researchers and communities. Health Psychology, 14(6),
526.

Altman, E. I. (1968). Financial ratios, discriminant analysis and the prediction of
corporate bankruptcy. The journal of finance, 23(4), 589-609.

Comparing criteria for diagnosing financially distressed companies using logistic
regression and artificial intelligence methods. Financial Management
Perspective, 10(29), 147-166. (In Persian).

Attia, J. (2019). The applications of graph theory to investing. arXiv preprint
arXiv:1902.00786.

Asquith, P; Gertner, R; & Scharfstein, D. (1994). Anatomy of financial distress:

An examination of junk-bond issuers. The Quarterly Journal of Economics,
109(3), 625-658.

Bahirai, Alireza, Etemidi, Kivan, & Grami Asal, Amir. (2015). Predicting
financial bankruptcy of companies listed in Tehran Stock Exchange using
ANN, ANFIS, LOGIT. New Marketing Research Journal, 153-166.(in
Persian)

Chen, D. R; Liu, C; Zhang, Y. C; & Zhang, Z. K. (2019). Predicting financial
extremes based on weighted visual graph of major stock indices. Complexity,
20109.

Choe, K; & Garas, S. (2021). The graph theoretical approach to bankruptcy
prediction. The Journal of Accounting and Management, 11(1), 47-57.

Khalig, A; Altarturi, B. H. M; Thaker, H. M. T; Harun, M. Y; & Nahar, N. (2014).
Identifying financial distress firms: a case study of Malaysia’s
governmentlinked companies.

Fallahpour, S; Lakvan, E. N; & Zadeh, M. H. (2017). Using an ensemble classifier
based on sequential floating forward selection for financial distress prediction
problem. Journal of Retailing and Consumer Services, 34, 159-167.

Farooq, U; & Qamar, M. A. J. (2019). Predicting multistage financial distress:
Reflections on sampling, feature and model selection criteria. Journal of
Forecasting, 38(7), 632-648.

Gregova, E; Valaskova, K; Adamko, P; Tumpach, M; & Jaros, J. (2020).
Predicting financial distress of slovak enterprises: Comparison of selected
traditional and learning algorithms methods. Sustainability, 12(10), 3954.

Gergizadeh, Majid, Jafaripour, Maitham, & Doshman Ziari, Hossein. (2013).
Presentation of bankruptcy prediction model based on genetic algorithm in
companies accepted in Tehran Stock Exchange. Quarterly Journal of New
Researches in Accounting, 2(Number 4 (Summer 1993)), 81-92.

Marso, S; & EI Merouani, M. (2020). Predicting financial distress using hybrid
feedforward neural network with cuckoo search algorithm. Procedia Computer
Science, 170, 1134-1140. (In Persian).



w2 B, s g0r0 (6,95 (Slao 2 Jlo (Slod sl 1SR g g |

Mansourfar, G; Ghayour, F; Lotfi, B. (2015). The ability of support vector
machine (SVM) in fnancial distress prediction. Empirical Research in
Accounting, 5(1), 177-195. (In Persian).

Mehrabanpour, Azar, Adel, & Shahramibabkan. (2022). Stock price forecasting
by presenting a hybrid model using principal component analysis and rough
set theory. New Researches in Decision Making, 26(7), 137-167. (In Persian).

Mehrani, Dr. Sasan, Dr. Yahya, Dr. Sagheed, & Farzad Ghayur. (2016). the effect
of the capital market cycle on the behavior of financial helplessness prediction
models. Journal of Accounting Knowledge, 8(2), 35-62. (In Persian)

Moradi, Mohsen, Shafiei Sardasht, Morteza, Ebrahimpour, Maleeha. (2011).
Predicting financial distress of companies by support vector machine models
and multiple audit analysis. Stock Exchange Quarterly, 5(18), 113-136. (In
Persian).

Namazi, Mohammad, Ebrahimi, Shahla. (2018). Predicting the financial distress
of companies listed on the over-the-counter and Tehran Stock Exchanges using
Lasso logistic regression. Stock Exchange Quarterly, 12(48), 5-38.
doi: 10.22034/jse.2020.10991.1256. (In Persian).

Pawlak, Z. (1982). Rough sets. International journal of computer & information
sciences, 11(5), 341-356.

Patil, P; Wu, C. S. M; Potika, K; & Orang, M. (2020, January). Stock market
prediction using ensemble of graph theory, machine learning and deep learning
models. In Proceedings of the 3rd International Conference on Software
Engineering and Information Management (pp. 85-92).

Tkac¢, M; & Verner, R. (2016). Artificial neural networks in business: Two decades
of research. Applied Soft Computing, 38, 788-804.

Wu, J. M. T; Li, Z; Srivastava, G; Tasi, M. H; & Lin, J. C. W. (2021). A graph-
based convolutional neural network stock price prediction with leading
indicators. Software: Practice and Experience, 51(3), 628-644.

Karimi, T. & Sadeghi moghadam, M. (2015). Rough sets and Grey sets, Ketab
mehraban, Tehran. 1-159. (In Persian).

Saranj, Alireza, Qods, Majid, & Tehrani, Reza. (2017). Forecasting the total index
of Tehran Stock Exchange using the combined approach of meta-heuristic
algorithms, artificial intelligence and wavelet parametric equation. Financial
Engineering and Securities Management, 9(35), 365-391. (In Persian).

Sun, J; Li, H; Fujita, H; Fu, B; & Ai, W. (2020). Class-imbalanced dynamic
financial distress prediction based on Ad boost-SVM ensemble combined with
SMOTE and time weighting. Information Fusion, 54, 128-144.

Vaghfi, S. H. (2019). Using artificial intelligence algorithm in Financial
Bankruptcy by Macro-economic and Accounting variables in listed companies
for stock exchange in Tehran. Journal of Decisions and Operations Research,
4(2), 158-173. (In Persian).

Veganzones, D; & Séverin, E. (2018). An investigation of bankruptcy prediction
in imbalanced datasets. Decision Support Systems, 112, 111-124.

Yildirim, M; Okay, F. Y; & Ozdemir, S. (2021). Big data analytics for default
prediction using graph theory. Expert Systems with Applications, 176, 114840.



	Seyed Amirmohamad Hejaziyan1F , Gholamreza Mansourfar2F , Farzad Ghayour3F

